NOTATION FOR STATES AND PROCESSES, SIGNIFICANCE OF THE WORD STANDARD IN CHEMICAL THERMODYNAMICS, AND REMARKS ON COMMONLY TABULATED FORMS
• notation for states of aggregation,
•notation for processes,
• proper usage of the adjective standard,
•commonly tabulated forms of thermodynamic functions.
The treatment which follows is compatible with that given in the IUPAC Manual (Ref. 1) and its Appendix I (Ref. 1) . Mostly the symbols given by way of example in this Appendix are more complex than those given in reference 1, and perhaps a word of warning on unnecessary complexity should be given: whilst symbols should be rigorous, they need not be more complex than the given context requires. Thus the symbol f(NH3, g, 500 K, 2 MPa), quoted in paragraph 2.3 below as the symbol for the fugacity of gaseous ammonia at a temperature of 500 K and a pressure of 2 MPa, would be abbreviated to f(500 K, 2 MPa) if the text in question made clear that the only species under consideration was gaseous ammonia.
SECTION 2. STATES OF AGGREGATION

Simple notation for states of aggregation
Symbols for thermodynamic quantities often require annotation to make clear the state of aggregation (also called state of matter or just state) to which the symbols refer.
Moreover, the symbols for species in chemical equations or in shorthand descriptions of the species in texts, tables, and figures, often require annotation to make clear the state of aggregation of the species in question. There is good reason to use a Note a: A provisional form of this Appendix IV was published in 1979 (Ref. 2) .
Notation and remarks on some thermodynamic functions 1241 standardized notation for states of aggregation in all contexts, and in many instances this can be achieved by use of the simple notation below. But where the context requires it, a more extended notation (cf. paragraph 2.10 of the IUPAC Manual, reference 1) should be used, as explained in paragraph 2.3 below.
In the following list of symbols, single letters are used to denote the three basic states of aggregation, gas, liquid, and solid, whilst combinations of letters are used for more subtle descriptions of states:
•the symbol for a gas or a vapour is g
•the symbol for a liquid is 1 'the symbol for a solid is s
•the symbol for a condensed phase (i.e. , either the solid or the liquid state) is cd
•the symbol for a fluid (i.e., either the gaseous or the liquid state) is fl
•the symbol for a liquid crystal (crystalline liquid) is lc
•the symbol for a crystalline solid is cr; where polymorphism occurs, it may be necessary to augment the symbol cr with a descriptor for the crystal modification under discussion; the preferred descriptors are Roman numerals, with textual definition of the crystallographic significance of the numerals used (see examples given later in this Appendix).
'the symbol for an amorphous solid is am
•the symbol for a vitreous substance (a glass) is vit
•the symbol for a species adsorbed on a substrate (an adsorbate) is ads
•the symbol for a monomeric form is mon 'the symbol for a polymeric form is pol (in many cases the monomeric or polymeric character of the entity will be clear from the context without the symbol, and the symbol should be used only in cases where ambiguity might result)
•the symbol for a solution (see Appendix I, Section A.I.9 in reference 1) is sln; in many contexts it will be clear whether a liquid solution or a solid solution is meant, but where this is unclear it must be made clear by supplemental notation (see e.g. paragraph 2.3 below)
•the symbol for a solution in which water is the solvent (an aqueous solution) is aq; in the past this symbol has sometimes been used to denote an infinitely dilute aqueous solution, but infinite dilution should henceforward be denoted by the extra symbol (see paragraph 2.2 and Note b).
The above symbols should be printed in roman type without full stops (periods) and should be placed in parentheses after the symbol for a physicochemical quantity or chemical substance to which they relate. 11d(g) the ratio for an ideal gas.
Extended notation for states of aggregation
In some circumstances the simple notation given in paragraphs 2.1 and 2.2 is inadequate to describe a given state of aggregation, for example when more than one phase or more The symbol for the state of equilibrium between phases, whether of a pure substance or a system of more than one component (i.e. the saturated state) is sat, printed in roman type and used either as a subscript or in parentheses.
The symbol for the states occurring at a critical point, whether it involves fluids (e.g. the gas-liquid critical point) or solids (e.g. the superconducting critical point) is c, printed in roman type; c is used as a subscript or superscript to a symbol for a thermodynamic quantity.
The qualitative composition of a mixture or a solvent system is specified by use of chemical formulae or abbreviations placed in parentheses after the symbol to which they refer; the statement can be made quantitative by use of numbers and a statement, abbreviated if desired, specifying mass fraction, mole fraction, volume fraction, molality, or concentration. Extended notation of this sort will require separation of individual symbols by commas or plus signs to make it intelligible --see the examples below.
Values of temperature and pressure to which the symbol for a thermodynamic quantity refers are specified in parentheses after the symbol. f(NH3, g, 500 K, 2 MPa) fugacity of gaseous ammonia at a temperature of 500 K and a pressure of 2 MPa.
SECTION 3. PROCESSES IN THERMODYNAMICS
Two methods of denoting a process
The word process in thermodynamics implies the occurrence of a change in a system, e.g. a change in the state of aggregation, or a change in the chemical species present.
Thermodynamic change is signified by the operator i, written before the symbol for a property, and the nature of the change is signified by annotation of the t. Two methods of annotation are admissible, (i) use of regular symbols as superscripts and subscripts,
(ii) use of special subscripts to denote the process in question. The two methods are now described separately.
Use of regular symbols to denote a process
It is convenient to use the notation iX to indicate the value of the property X for a final condition b less the value of the property I for an initial condition 
Use of special symbols to denote a process
The use of special symbols to denote a process is a more traditional procedure than that given in paragraph 3.2; for indicating physical changes the traditional method is disadvantageous in requiring special symbols (twelve of these are recommended below, but Notation and remarks on some thermodynamic functions 1245 these do not cover all possible situations), whereas for indicating chemical changes it is advantageous.
•the symbol for vaporization (evaporation) of a liquid is yap
•the symbol for sublimation (evaporation) of a solid is sub 'the symbol for melting (fusion) of a solid is fus
•the symbol for transition of one solid phase to another is trs
•the symbol for the mixing of fluids is mix
•the symbol for the process of solution (dissolution) is sol
•the symbol for the dilution of a solution is dil
•the symbol for a chemical reaction in general is r
•the symbol for a combustion reaction (Note d) is c
•the symbol for a process in which an "activated complex" or "transition state" is formed from the reactants (activation) is +
•the symbol for a reaction in which a compound is formed from its elements (formation) is f
•the symbol for a process in which a substance is separated into its constituent gaseous atoms (atomization) is at
All the above symbols should be printed in roman type without full stops (periods). For a pure substance the concept of standard state applies to the substance in a welldefined state of aggregation at a well-defined but arbitrarily chosen standard pressure.
Notation and remarks on some thermodynamic functions Historically, the defined pressure for the standard state, i.e., the standard-state pressure, has been 1 standard atmosphere (101 325 Pa) and most existing data u e this pressure. With the growing use of SI units continued use of the atmosphere is inconvenient and in some countries now illegal. It is recommended that thermodynamic data should be reported for a defined standard-state pressure of 10 Pa which is equal to 1 bar. The standard-state pressure in general is symbolized as p°. Hitherto p° has customarily been taken as 1 atm. For the future it is recommended that p° should customarily be taken as 10 Pa (1 bar). It should be understood that the present recommended change in the standard-state pressure carries no implication for "standard pressures" used in other contexts, e.g. the convention that "normal boiling points"
refer to a pressure of 101 325 Pa (1 atm). Instances may occur where it is desirable
to adopt yet other values for p° and so all authors must clearly state the value adopted.
The recommendation that the customary value of p° should change from 1 atm (101 325 Pa)
to 10 Pa will result in small alterations in standard values of some thermodynamic quantities for all substances. For condensed phases the magnitude of these alterations will nearly always be negligible in comparison with the uncertainty of current data. 
It follows that j(T) = (T) for the particular case that B is both a pure gas = 1)
and an ideal gas (V = R7'/p) and p = p°.
Hence, the standard state for a gaseous substance, whether pure or in a gaseous mixture, is the pure substance at the standard-state The standard state for a pure liquid substance is (ordinarily) the pure liquid at the standard-state pressure.
The standard state for a pure solid substance is (ordinarily) the pure solid substance at the standard-state pressure.
I 248 COMMISSION ON THERMODYNAMICS
For application of the concept of standard state to substances in admixture (solutions and mixtures), the composition of the system, as well as the pressure, must be defined.
As one example for solutions, the standard-state molality, written as in° for the general case, is to be defined; customarily in° is taken as 1 The most favoured of these, and the one recommended for use is 298.15 K. Because the quantity "298.15 K" is so frequently used in symbols such as &H°(298.15 K) and because it requires so much space, it is convenient to have a special symbol for this quantity.
Symbols such as Ta T0 etc. are to be found in the literature. Since T° should mean a standard temperature in general, the use of T° to mean exclusively 298.15 K is strongly discouraged. No recommendation for a special symbol for 298.15 K is made at this time;
any author who prefers to use a special symbol for 298.15 K is urged always to define it.
It must be stressed, however, that there is no reason why another value (say 427.9 K)
should not be adopted for the reference temperature, so long as the author clearly states what has been done. (4)). However, there has recently appeared a new symbolism (Ref. 6) which bears directly on the choice of an appropriate symbol for the quantities given above. Unfortunately the timing of the appearance of the new symbolism was such that full consideration and discussion of it could not be accomplished without undue delay in publication of this Appendix.
For these reasons no recommendation is made concerning a name or symbol for the quantities discussed above. It is anticipated that recommendation on these matters will appear in due course.
Tabular presentation of thermodynamic data in dimensionless form
There are advantages (Ref. 
